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FROZEN FOOD WITH AWTIFREE2E PEPnE«S 

^ 7gchnica1 Field of rh^ r ^^^-^^ 

The invention relates to a process for the preparation of a 
food product containing AFPs and tn <=„^^ . 
AFps. ^ products containing 

aaOcqroiind rn ch^ Tr,,^^^-..^Ti 

Anti freeze peptides (AFPs, have been suggested for improving 
the freezing tolerance of foodstuffs. 

Antif. , ^^^^ ^^^^^^^^^ literature. 

Antifreeze properties generally possess one or .ore of the 
following properties: thennal hysteresis, inhibition of ice 
recrystallisation. control of ice crystal shape aL 
interaction with ice nucleators. 

l^ennal hysteresis is th. best known property of AFP-s and 
AFP s. Thennal hysteresis results from a lowering of the 

ZZTJT'''' °' ^ containing a 

thern^l hysteresis active AFP without affecting the melting 
temperature. The identification of sources of a^p by ZlZl 
hysteresis tests is widely described in the literaturelte 
for example John G Duman in Cryobiology 30, 322-328 (1993). 

T.T'Ts.V-' "crystallisation is another property of 
AFPS. This activity is also referred to as ice crystal growth 

certain point m time the ice crystal size of crystals in th 
presence of AFP and in the absence of AFP. The application of 
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this method in thp • 

>. '32 lOM pi„, T«h.„io3y corporation, 

or,„.l ,ro,ri. 

1. =o„.«.rTi:«cr':ror "h°"*'°"' "^'"''"'^ "»^- 
.™ - 

r or ice nucleacing substances Thic • 
^ecv,een and APP a.a an ice n.c.eacor Z eor e«"""'°" 
in increased chermaa hysteresis Th^. example resuat 

tesced in wo 96/40973 m ' P^°P«"y for example 

96/40973 (University of Notre dame du Lac) 

20 AFPs have been suggested forimprovina th» . 

of products. Many ^r>nlir..- ^ "^^"^ freezing tolerance 
context. -PPi-ations have been suggested in this 

- c%Vr:r"a.::ror:i:r- '~ — - 

^.ouron Pnar^aceu^ca^ ":o^^r. .or.r"r ^ ''''''''' 

University of c^n^r. ^-^/-^ujei. The Regents of the 

p-.« Lir. " 



leakage from liposomes e.q in 

an AFP (See j. cell Bin.h ^^"^''^=^^1^ producing therein) 
XP00.03024a. Je 1: ' ^^^^ ^03 

^een suggested f or use Inlod^r f'" " ^^^^ 
35 yoghurt or ice crel ° ' ' '^"^ '""^'^ 

Research and development limited partnership, 
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uments do no^ 

° not provide a 

can acuaz,/,: 

^« '-^ot: mentioned. 

the appii,,,i„„ Of 

y be derived f.o. Mood 

not mentioned. 

can conveniently be 
"-"^t in the desired 
Sing 

crystal shape 

'^"tion relates to a 
-°'en food product 
Chosen such that 
*=Pect ratio Of „ore 

y-tals are Conned 
in food products 
a favourable change 
'egation Of the ice- 
use the brittleness 

y ^ard and brittle 
^^uch as ice-cream 
be used as an 
products, also 
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till now. howpvoi- Hv,- 

a«o.,. c " 

«Pl.™«l;ation in ^ '-""tea, „ practice che 

trlou. p„„,„. product, .„cou„t.„ 

-=.i... i„ c.'. i^tttTLr/Lritr 

- • in =o^in.tio„ „it» " 
^ - =«„ctio. ™.i„„„it,„„, 

-'■■/ossi, aisclc... th, production Of »pp. ,„ 

■ proaucd by „lcrob.s. '"""aS d..crib.s tish 

present invention ai„ ^t oroviaf„„ , 
" -"lative-i, «^ end 

. "-..reined upon proion^.d .Cor^eTtT t^rjeT 

-:;:;rrr^^::urr;i~ - - 

.ro.en con.ection.Vltrc'tr ^nr"": 
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relacively hard ice-cream is li)cecl bv . i 

consumers. ^ ^ ^^^^^ Srroup of 

Surprisingly we have found that afdo 

improved ice-recrv^^.^^ ■ - ^ ^^^"^ ^ve 

Preferably che rac^n • k ^-^-Luscrated m the examples. 

«»"j.y tne ratio is between 2 o anrf -> o 
between 2.1 and 2.8. ^^n 2.0 and 2.9, most preferred 

Preferably the frozen product of hh= ■ 
Preferably tbe .,„i J fa;:, tlicLsr""" 
behaviour can be observed is L ' ' '""""^^ 
^-m 1 to 5 ™. Fractu^rVn '° P«-'erred 

P-Parm, layerJ of^rr;i;7rc;^" ""^"^ "^^^"^^'^ 
•^Hich .i„i_ thiCcnesT LacturT'ber '^''^'"''^^ " 
calculated from th^ v. fracture behaviour occurs or 
examples. '""'^^^ - '^-"i^ed in the 

iiis\te::r:i:::::e ^-"^--^ ^ - 

ice-crystais T r T °^ 

3lieve th!t it IS In . ^PPii-n" 

erson to choose thosr h '"^^ ^''^^^ 

t-noose those conditions surh ^i. 

f the ice-crystals faJi« • k ""^^^ 
crystals falls within the desired range. 
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: ratio of ice- crystals is 
Generally speaking an 
ieads to a decrease in the 
is. In this context the 
ence the rate of freezing 
the ice crystals, m this 
^9 a hardening step e.g. at 

preferred. The storage 
-■ally influence the aspect 
^Peratures and/or longer 
formation of high aspect 



^ct ratio Of ice- crystals 
^9 freezing. For example 

" is CO be frozen, 

fairly high aspect ratio 

' leads to a lower aspect 

^ CO even lower aspect 



>-pect ratio of the ice 
ts of ingredients. For 
■ Which tend to form a 
• gums or fats) may lead 
products without these 
'ay lead to lower aspect 
'e.g. high sugar levels 



FPs present may lead to 
's seem to favour • the 
other AFPs seem to 
e test to select these 
'-acion in the amount of 
-cc ratios. 
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::ording to a second embodiment, the invention relates to a 
cess for the production of a frozen food product 
prising AFP, wherein the formulation, freezing and storage 
iitions are chosen such that the ice- crystals in the 
iuct have an aspect ratio of from 1.9 to 3. 

process of the invention can be applied to any frozen 
a product containing AFPs. Examples of suitable products 
: sauces, meals etc. Preferred food products are frozen 
fectionery products such as ice-cream and water-ice. 

iicants have found that the AFPs for use in the process of 
3 invention can come from a variety of sources such as 
nts, fishes, insects and microorganisms; Both natural 
urring species may be used or species which have been 
ained through genetic modification. For example micro - 
.anisms or plants may be genetically modified to express 
?s and the AFPs may then be used in accordance to the 
jsent invention. 

etic manipulation techniques may be used to produce AFPs 
follows: An appropriate host cell or organism would be 
nsformed by a gene construct that contains the desired 

.ypeptide. The nucleotide sequence coding for the 
ypeptide can be inserted into a suitable expression vector 
:;ding the necessary elements for transcription and 
-islation and in such a manner that they will be expressed 

-ler appropriate conditions (eg in proper orientation and 
rect reading frame and with appropriate targeting and 
cession sequences) . The methods required to constinct 
se expression vectors are well known to those skilled in 
art. 

imber of expression systems may be utilised to express the 
■/peptide coding sequence. These include, but are not 
ited to, bacteria, yeast insect cell systems, plant cell 
ture systems and plants all transformed with the 
ropriate expression vectors. 
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A Wide variety of ola h 

Polypepcides. Preferred eJoa.I^r"?"' '^---^ 
-ot limited to, ^i,, i-clude, but are 

5 Strawberries r-;,r, comato, tobacco 

^' ""^P^ seed and sugar beet. Arrets, 

For the purpose of t-i,« • 

Of Che tyne ttt ^se of fieh 

ype III, most prefer-ed wdt^ Pi^oteins 

non-prepuMis.ed case .0....;:^^ :^o^;~ ^ ^ 
For so„,e natural sources the afps 
' °' ^''^ - different AFPs °^ ^ "^^ure 

Preferably those apps ar^ 

-crystallisation inhibition" '^"^ -^nificant ice- 

-ordance to the inve" r ,:::-"^-- "^^^"^^^ ^ 
"crystallisation -preferJLi; latr. ''"''='^ 
examples, of less than 20 J " -<=cordance to the 

is believed that the IZ'l 27 ''^^'"'^^'^ = " ^• 

specific aspect rat" ' "^"'^ ''^^ ^""^--'^ "ith 

-ain the desirable strurtui^jr::::^^ advantageous to 

^~ --es to 

P-Paration of the product quiescent '^^^ 
t "^^^^^ still obtainlg tL -"^itions can 

above. ^he aspect ratio as defined 

Examples of such fn^n 

such as icLr^rrrnd^'^^- ''^'^ "-—r. " 
-tended to be stored at IlTent "'"^^ ''hi='^ arT 

suitable product for:^ arrfol L" 7''^^^^^"--^'^«ature. 

for example in a bag or " ^'^''"^^ "^^ ^^^^^ " 

-able Of f.^i„, ,^^J sac^ts. said mi. being 

ozen food product e.g. 
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after addition of water and optionally other ingredients and 
-optional- aeration. 

Another example of a suitable mix could be a liquid mix 
5 (optionally aerated) which, if necessary after addition of 
further components and optional further aeration can be 
frozen. 

The clear advantage of the above mentioned mixes is that the 
10 presence of the AFP ingredient enables the mixes to be frozen 
under quiescent conditions, for example in a shop or home 
freezer. 

Very conveniently these mixes are packed in closed containers 
15 (e.g. cartons, bags, boxes, plastic containers etc). For 
single portions the pack size will generally be from 10 to 
1000 g. For multiple portions pack sizes of up to 500 kg may 
be suitable. Generally the pack size will be from 10 g to 
5000 g, 

20 

As indicated above the preferred products wherein the AFPs 
are used are frozen confectionery product such as ice-cream 
or water-ice. Preferably the level of AFPs is from 0.0001 to 
0.5 wt% based on cne ^ final product. If dry-mixes or 
25 concentrates are used, the concentration may be higher in 
order to ensure that the level in the final frozen product is 
within the above ranges. 

Surprisingly it has been found that compositions of the 
30 invention can contain very low amounts of AFPs while still 
being of good quality. 

Up till now the general belief has been that fairly high 
levels of AFPs are required to obtain a reasonable 
35 improvement of recrystallisation properties. The reason for 
this is that it is commonly believed that the AFPs act on 
significant parts of the surface of the ice -crystals and 
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10 



10 



15 



20 



25 



30 



35 



therefore need to be present at fairly high levels e.g. o.Oi 
wt% or more to get a reasonable effect. 

Surprisingly it has now also been found that for frozen 
products improved recrystallisation properties and increased 
temperature tolerance can already be obtained if low levels 
of AFPs are used. 

Surprisingly it has been found that the level of AFPs can be 
as low as 0.1 to 50 ppm while still providing adequate 
recrystallisation properties and temperature tolerance in 
frozen confectionery products. Although applicants do by no 
means wish to be bound by any theory, the reason for this may 
be that Che interaction between the solids of the frozen 
confectionery and the AFPs provides an excellent mechanism 
for inhibiting crystal growth. Most conveniently the level of 
AFP is from 1 to 40 ppm, especially preferred from 2 to 10 
ppm. 

For the purpose of the invention the term frozen 
confectionery product includes milk containing frozen 
confections such as ice-cream, frozen yoghurt, sherbet, 
sorbet, ice milk and frozen custard, water-ices, granitas and 
frozen fruit purees. For some applications the use of AFPs in 
frozen fermented food products is less preferred. 

Preferably the level of solids in the frozen confection (e.g. 
sugar, fat, flavouring etc) is more than 4 wt%, pref ably more 
than 30 wt%, more preferred from 40 to 70wt%. 

In a very preferred embodiment of the invention the hard and 
crispy frozen confectionery formulations are used to create 
texture contrast in ice confections. Pref erably such ice- 
confections contain as discrete elements in their structure 
the AFP containing composition in accordance to the 
invention. For example a relatively soft ice-cream core can 
be coated with a thin layer of the con^josition of the 
invention therewith providing a relatively hard and crispy 
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layer surrounding the ice-cream core. Another embodiment 
could be the incorporation of the formulation of the 
invention as inclusions in ice-confections. A third 
embodiment would be the alternating of layers of ice-cream 
5 with the formulation of the invention to create thin crispy 
layers alternating with the ice-cream layers. 



10 
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Exasiple I 



20 



25 



A pre-mix for preparing ice-creani was made by mixing: 

% by weight 



5 Ingredient 

Skimmed milk powder lO.OO 
sucrose 

mal t odext r ine { MD4 0 ) 

Locust bean gum q 
10 butteroil 3*^^ 

monoglyceride (palmitate) o.30 
vanillin 

AFP (Type III HPLC-12, 

see WO 97/2343) o . 01 or none(control 



13.00 
4.00 



0.01 



15 water 



balance 



■mis mix can conveniently be stored at and^ient temperature 

e.g. m a plastic container. 

The mixes can be used in the preparation of a ice-cream by 
homogenisation at 2000 psi and 650c followed by ageing over 
nxght at 5oc. The mix was frozen using a freezer (MF50 SSHE 
Technohoy fitted with a solid dasher rotating 240 rpm) The 
extrusion temperature was -4. 50c, the overrun was 110% The 
product is then frozen at -3Soc and stored at -80oc. 

After two months storage the composition according to the 
invention had a markedly better texture than the control 
sample. 



30 



SUBSTITUTE SHEET (HULE 26) 
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5 Ingredient 

Sicirnmed niil)c powder '''' 
sucrose 

n^lcodexcrine (MD40) 

Locust bean gum "^'^^ 
10 bucceroii ^'^^ 

monoglyceride (palmitace) 

vanillin °*^° 

AFP (Type HI HPLC-12, . 

water °^ rione (concrol ) 

15 balance 

The method of nrpr>= i- • 

preparation was as in example I. 

Microscopic Slid.. 'PP'^'^tely 12 BOUT.. 



20 



Each 

25 



35 



Each Slide was transferred to a temn 

microscopic stage ,at :-x8oc- where controlled 
'-^out 400 individual* ice-cr^.tllsr'" ^^^^^-als 
-iayed through a video ca.eTa t/' ""^^^^^ 
analysis system. '° ^" ^'^^e storage and 

The stored ice 

— . around i^^^:^,::!':'^^^^ 

crystal. linages of the hill v,""''^^" ''^^ "^^^^ 
-asured using the ijge anaf ' ' ''^"^^^ 
--^er Of pi/els retired to c^" ^"""^^^ "^^^ 

aength,, shortest TtraighH ""^^^^ 
-atio (length/breadth,. ' (breadth,, the aspect 
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For the control sample the aspect racio was 1.45 

For the sample containing AFP the aspect ratio was 2.24. 
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Example III 

The brittleness of the ice-cream of example II was determined 
by calculations on the fracture behaviour of the ice-cream. 
5 Using a 3 -Point bend test the Young • s Modulus was measured.' 

The Young's modulus was measured by preparing strips of ice- 
cream, equilibrating them for 18 hours in a freezer cabinet 
and transferring to a temperature cabinet. The strips were 
placed on a 3 -point bend rig as described in Handbook o f 
Plastics Test Methods f2nd Eait:^on) . ed R.P. Brown, George 
Godwin Ltd, 1981. Sample testing was carried out immediately 
at a deformation speed of 50 mm/min. From the force- 
deformation curve, the initial slope was measured and used to 
calculate the Young's modulus according to the following 
equation: 

Young Modulus (Pa) « SIodq. L 

4. B. W 

- where L = beam span (llOmm), 3 = sample width, W - sample 
height. Usually eight samples were tested to give a mean 
Young's Modulus value. 

Using the calculations described by Williams & Cawood in 
Polymer Testing 1 15-26 (1990) the fracture toughness can be 
calculated. 



15 



The results were as follows: For the control sample a 
thickness of 966 metres was calculated as being necessary to 
30 obtain a brittle layer. For the AFP containing sample 
brittleness (fracture behaviour) was already found at a 
thicJcness of 3 mm. This clearly shows the improved 
brittleness of products of the invention. Both samples gave 
relatively soft products. 

35 
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Example IV 

This example describes a methodology to select those AFPs 
which favour the formation of ice crystal shapes as preferred 
5 in the invention. 

Ice crystal growth under normal circumstances is along the a- 
axis of the crystal. If. AFPs are present the growth is 
changed. This selective influencing of the crystal shape can 
be explained by the fact that AFPs tend to bind to certain 
parts of the ice crystal and by doing this inhibit the growth 
of the ice -crystal in certain directions. Binding can for 
example take place at the prism planes (perpendicular to the 
a-axis) or at the Pyramidal planes (projecting off these 
15 planes) . 

Applicants have found that AFPs which favour the formation of 
aspect ratios in accordance to the present invention can for 
example be found by selecting those AFPs which tend to bind 

20 on the prism plane. The methodology for selecting these 
specifically binding AFPs can be any suitable methodology. A 
suitable test uses the so-called "Single ice crystal 
•hemisphere' growth experiment, based on the technique 
described in Knight C.A. . C.C. Cheng and A.L. DeVries, 

25 Biophys. J. 59 (1991) 409-418, Adsorption of a-helical 
antifreeze peptides on specific ice crystal surface planes, 

A well insulated 51 plastic beaker was filled with deionised 
water, and placed in a temperature-controlled cabinet at - 

30 l^C. It was then allowed to freeze slowly from the top. 
After two days a single crystal of ice approximately 4cm 
thick covered the beaker. The crystallographic orientation, 
of this crystal was determined using single -crystal X-ray 
diffraction methods. Cubes of ice, of approximately 2cm 

35 dimension, were cut from the large single crystal, such that 
one surface was parallel co the prism plane, and another 
parallel to the basal plane. Thiis oriented single crystals 
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of ice were produced. 

An apparatus are used consisting of a brass cold finger 
{approx, 1cm diameter) onto which an oriented seed crystal 
5 was frozen. The seed was first hollowed out so that the seed 
crystal would fit around it. Coolant was then circulated 
through the finger and the seed became frozen fast to it. 

The finger, with the seed crystal, was then dipped into an 
10 insulated 100ml beaker containing a solution of the material 
under investigation. The initial temperature of the solution 
was room temperature (- ISOC) , and the only cooling was 
provided by the cold finger. Initially the seed crystal 
partially melted, but it then grew into a single crystal 
15 hemisphere. After several hours (6-8) a hemisphere with a 
diameter of 5-7 cm was formed. 

The experiment was carried out with various AFP solutions. 
The AFP solutions used had a concentration of AFP of 10""^ 
20 mg/ml. 

The hemisphere was then removed from the cold finger, and 
moved to a temperature controlled cabinet at -150c. The 
surface was scraped and it was left in the cabinet at least 

25 overnight (16 hours or more) . Air was circulated through the 
cabinet by means of an integral fan. During this time 
evaporation of the surface layers of the ice occurred. The 
surface of the ice hemisphere thus came to have a smooth 
mirror surface. However, for a hemisphere containing AFP 

3 0 rough patches are seen on the surface. These correspond to 
the patches where the AFP has bound onto the surface of the 
hemisphere. The large AFP molecules prevent the ice 
molecules from evaporating, and so a rough mat of AFP 
molecules is built up on the surface at the surfaces where 

35 preferential binding to the ice occurs. As the orientation 
of the hemisphere is known, and the angular distance between 
these rough patches and the basal and prism directions can be 
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measured by means of an optical goniometer the nature of the 
binding plane can easily be determined. 

This test can be used to select those AFPs which tend to bind 
5 to the primary or secondary prism planes. For example AFP 
type I from Winter flounder or from Alaskan plaice tends to 
bind to the (20-21)^ binding site, while AFGPs from 
Antartic cod ten to bind to the (l 0 - i 0)^"= binding site, 
while AFP III from Antartic eel pout tends to bind to ( 1 0 - 
10 10)^"^ binding site. 

It will be well within the ability of the skilled person to 
use the above test to determine those AFPs which tend to 
favour the formation of high aspect ratios of ice- crystals . 
15 For testing their suitability in frozen products of the 
invention, the actual product can be made and the aspect 
ratio of the crystals in the product can be determined. 
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Exastple V 

Test for determining ice crystal size upon recrystallisacion. 

5 A sample of an AFP containing solution in water is adjusted 
to a sucrose level of 30 wc% (If the starting level of the 
sample is more than 30% this was done by dilution, if the 
starting level was lower sucrose was added to uhe 30% level). 

10 Generally the test can be applied to any suitable composition 
comprising AFP and water. Generally the level of AFP in such 
a test composition is not very critical and can for exEimple 
be from 0.0001 to 0.5 wt%. more preferred 0.0005 to 0.1 wt%, 
most preferred 0.001 to 0.05 wt%, for example 0.01 wt% 

15 

A 3 fzL drop of the sample is placed on a 22 mm coverslip. A 
16 mm diameter cover- slip is then placed on top and a 200 g 
weight is placed on the ssimple to ensure a uniform slide 
thickness. The edges of the coverslip are sealed with clear 
20 nail varnish. 

The slide is placed on a Linkham THM 600 temperature 
controlled microscope stage. The stage is cooled rapidly (50 
oc per minute) to -40oC to produce a large population of 
25 small crystals. The stage temperature is then raised rapidly 
(50<5C per minute) to -6 °C and held at this temperature. 

The ice-phase is observed at -6 ©C using a Leica Aristoplan 
microscope. Polarised light conditions in conjunction with a 

30 lambda plate were used to enhance the contrast of the ice- 
crystals. The state of the ice phase {size of ice-crystals) 
is recorded by 35 mm photomicrography at T»0 and T-1 hour. 
Whereby an average particle size (visual determination, 
number average) of below 20 fim, more prefered between 5 and 

35 15 fm indicates preferred AFPs for use in products according 
to the invention. 
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Claims 

1. A process for the production of a frozen food product 
comprising AFP, wherein the conditions are chosen such 
that the ice- crystals in the product have an aspect 
ratio of more than 1,9. 

2. A process according to claim 1, wherein the aspect ratio 
is from 1 . 9 to 3 . 0 . 

3. A process according to claim 1, wherein the conditions 
for influencing the aspect ratio are selected from the 
group of: rate of freezing, mobility of product during 
freezing, storage temperature and time, formulation of 
the product and nature and amount of AFPs and 
combinations thereof. 

4. A process according to claim 1, wherein the frozen food 
product is a frozen confectionery product. 

5. A frozen confectionery product comprising from 0.0001 to 
0.5 wt% of AFPs. said product having an ice- crystal 
aspect ratio of more than 1.9. 

). A frozen confectionery product according to claim 5, 
wherein the aspect ratio is from 1.9 to 3.0. 

^ A frozen confectionery product according to claim 5, 
wherein the AFP preferentially binds to the primary or 
secondary prism planes of ice crystals. 

I. Frozen confectionery product having a texture contrast, 
said product comprising discrete elements of a 
confectionery product of claim 5. 

Frozen confectionery product according to claim 8, 
comprising thin ice-cream layers alternating with thin 
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wacer-ice layers, wherein the water-ice layers comprise 
from 0.0001 CO 0.5 wc% of AFPs and liave an ice-crystal 
aspect ratio of from 1.9 to 3.0. 

10. Ice-cream mix suitable for use in the preparation of a 
frozen confectionery product of claim 5. 
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